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FOREUORD 


This report, prepared by the Analytical Mechanics Department, Martin 
Marietta Corporation, Denver Division, under Contract NAS8-29882 presents 
the results of a test to measure the stiffness and damping parameters of 
a 70 ton Barber S>2 freight truck. The test was conducted in February, 
1976 and was administered by the National Aeronautics and Space Adminis- 
tration, George C. Marshall Space Flight Center, Huntsville, Alabama, 
under the direction of Mr. Jack Macpherson of the Loads and Dynamics 
Laboratory. We would like to acknowledge Mr. Ed Lind of the Southern 
Pacific Transportation Company for providing the test hardware and Mr. 
Robert Bullock of the Standard Car Truck Company for his assistance 
during the course of the test. 


SUMMARY 


This report summarizes the results of a static test of a Barber S>2 
freight truck conducted to measure the stiffness emd friction parameters 
of the modes of deformation i^ich are being used in various mathematical 
models in the railroad Industry. The particular truck tested was provided 
by the Southern Pacific Transportation Company (Mr. Ed Lind) and was in an 
essentially new condition. Mr. Robert Bullock of the Standard Car Truck 
Company personally inspected the truck and pronounced it within specifi- 
cation as far as wear of the friction surfaces on the side frames were 
concerned. Ife also provided new friction wedges and springs for the 
wedges . 

We experienced some difficulty with the truck hardware since it was 
in an essentially new condition. The various parts of the truck are 
castings and have many high spots which cause interference. The normal 
usage of the trucks wears down the high spots and eliminates the inter- 
ference. The truck was apparently never used, hence, we had to remove 
the high spots ourselves. We proceeded with the testing with no diffi- 
culty once the interference was removed. 

The characteristics of the Barber S-2 are very similar to the ASF 
ride control truck we had previously tested. This should be no surprise 
since the construction of the two trucks is very similar. The major 
difference between the two trucks is the amount of friction between the 
bolster and side francs in both the vertical and lateral directions. 

The Barber S-2 has approximately twice the friction the ASF ride con- 
trol truck has in the fully loaded condition. This does not necessarily 
imply that all trucks will have this same ratio of friction. It is 
pointed out that a considerable tolerance on friction could exist, hence 
the friction data should be used with this in mind. The subject of 
tolerance on friction is discussed in detail in the report. 

A more complete con^)arison to the ASF truck will be made at a 
later date. This will include some analysis using the measured data. 


INTRODUCnON 


The characterization of rail hardware for use in mathematical studies 
requires testing to measure the parameters \diich have a dominant effect on 
the response of the hardware to the operational environnffint. These para- 
meters take the foirm of mass, damping and stiffness in either a linear or 
nonlinear form. Typically the hardware demonstrates a nonlinear character 
for damping (Coulond) type friction) and stiffness (discontinuous behavior) 
and the data reduction required puts these nonlinear data in a discrete 
form for use in the analytical efforts. This report sunmarizes the test- 
ing of a Barber S-2 freight truck conducted to measure these parameters. 

Our previous experience in the test and analysis of the lateral 
dynamics of an ASF ride control freight truck of the same capacity as 
the Barber truck (70 ton) indicated that there were a limited number 
of parameters to measure. The probable modes of distortion of the truck 
for lateral forces are listed below: 

1. roll of bolster with respect to the side frames; 

2. lateral translation of the bolster with respect to the side 
frames ; 

3. warping of the truck (rotation of the side frames about a- 
vertical axis with respect to the bolster). 

The following sketch illustrates these modes of distortion. 


Roll 



Lateral 



Our objectives were, therefore, to measure the damping and stiffness 
of these modes of distortion so that the rail industry would have the 
necessary parameters for use in their mathematical models and, hence, 
would be able to conduct their response studies with a high degree of 
confidence. Mass data was not obtained in this program as the mass pro- 
perties for this truck have been well defined in past programs. (Refer- 
ence 1) . 



TECHNICAL APPROACH 


The physical differences between the ASF and Barber designs are 
slight; therefore, we took the same basic approach to the measur^sent 
of the truck characteristics as did on the ASF truck test. The ex- 
ception is that we did not conduct as many tests due to the insight we 
had gained from the previous test. Previously we conducted six (6) 
tests. These were: 

1. bolster vertical load, 

2. bolster lateral load, 

3. bolster roll moment, 

4. bolster pitch moment, 

5. bolster longitudinal load, and 

6 . warping . 

In the present program we retained tests 1, 2 and 6. Test 3 provides 
redundant information to test 1. Tests 4 and 5 do not provide any mean- 
ingful data for the lateral dynamic models. 

The characteristics of the truck are dominated by the spring group/ 
friction wedge behavior. The spring groups provide essentially linear 
load deflection data for vertical and lateral motions of the bolster with 
respect to the side frames for a large range of deflections. The friction 
wedge arrangement provides a Coulomb friction type of restoring force 
which is constant and opposes the relative velocity. This characteristic 
makes the static testing of the truck very difficult, hence, the tests 
were conducted by slowly varying thr input loads. The load rate was not 
varied in this test due to the fact that the friction was not a function 
of load rate for the ASF truck, hence, we assumed it would not be a func- 
tion of load rate for this truck. 

The effect of vertical load was also examined for its effect on the 
values of the parameters to be measured. The range of vertical loads 
used covered the range of a completely empty to a completely full car. 

The measurements which were made to determine the parameters were 
loads and displacements. The resulting data acquired was reduced in a 
form of load versus deflection plots. This data was then interpreted in 
terms of the nonlinetr model which may be used to represent the physical 
situation as portrayed by this class of trucks. 

The remainder of this report will describe, in detail, the test 
specimen, test setup, instrun^ntation, data acquisition system and data 
reduction and Interpretation. 

Test Specimen 


The test specimen was a Barber S-2 which was provided by the Southern 


Pacific Transportation Con^any through the cooperation of Mr. Ed Lind. 
The external appearance of the truck was very rusty and we became con- 
cerned of the actual condition of the truck from a wear standpoint. 

The casting date for the bolster was 1961 and for the side frames 1968. 
These dates increased our concerns. Mr, Robert Bullock of Standard Car 
Truck Conq)any was consulted and he can» to our facility to inspect the 
hardware. Figures 1, 2 and 3 illustrate the results of that inspection. 
The measurentents indicate the hardware was in an essentially new condi- 
tion. A visual inspection of the surfaces of the friction t^dges and 
the corresponding surfaces on the side franes also indicated that the 
truck had seen very little use. The friction ^dges and their springs 
were replaced with new hardware provided by Mr. Bullock. 

We also conducted son^ static tests on the springs of the spring 
groups in order to determine if they were in spec with regard to load 
and deflection criteria for acceptance or rejection. Table I gives the 
criteria and the actual measurements for each spring. 

We weighed each major component with the following results. 


Weight 


Component (lbs) 

Bolster 1050 
Side Frame 850 
Side Frame 850 
Axle 2400 
Axle 2400 


Test Setup 

The test setupsfor tests 1, 2 and 3 are illustrated in Figures 4, 

5 and 6. The truck was physically inverted and supported on the bolster 
center plate. The Inverted position was used since it allowed conducting 
all three tests without having to change the truck position. Table H 
lists the loading conditions for all tests. In the vertical test, the 
vertical load was the only load applied. The purpose of this test was to 
measure the roll stiffness and friction of the spring groups. Notice that 
the vertical test provides the necessary definition of the roll stiffness 
due to the fact that the local rotational stilfness of the spring groups 
is very small. The reason for doing the roll test with vertical loads is 
for ease of fixturing. The data from this test, along with the geometry 
of the spring groups, will be used to calculate the effective roll stiff- 
ness and friction of the bolster with respect to the side frames. In 
subsequent tests the vertical load was a constant load to simulate the 
weight of half of a car. Vertical loads of 20K, 50K and lOOK pounds 
were used to cover the range of an empty to full car. The lateral test 



was simply a lateral load applied to the axles in a cyclic fashion. 

The cyclic rate was .25 cycles per second. Due to the bolster support 
the lateral load was reacted at the bolster center plate. The warping 
test consisted of equal and opposite loads diagonally applied to the 
truck at the ends of the axles. The applied load is theoretically an 
equilibrium load set, hence, no reaction would be expected at the bol- 
ster center plate. No effort was made to measure this reaction. 

The instrumentation consisted of load and displacen^nt transducers. 
Figure 7 Illustrates the locations of the transducers. Table III tabu- 
lates the actual locations in the coordinate system shown on Figure 7. 
All the cyclic load and deflection data was recorded on magnetic tape 
for later reduction. The instrumentation schematic for the data acqui- 
sition system is illustrated in Figure 8. 

The detailed test procedure and test log is given in Reference 2. 
Data Reduction 

The data was reduced by simply making cross plots of load versus 
deflection. The schematic for this reduction technique is illustrated 
in Figure 8* Having the data in this form it is a relatively simple 
matter to interpret it in the light of the mathematical parameters for 
which we are looking. The sketch below illustrates the expected general 
form for load deflection data in the presence of friction and nonlinear 
stiffness and the discrete parameter model by which it is represented. 



The Barber design does not yield to this form directly in the 
vertical direction due to the varying friction. The friction wedge 
is loaded by a spring whose bottom end is connected to the side frame. 
The sketch below illustrates this configuration. 




This configuration causes the friction force to increase as the 
bolster move downward witi» respect to the side frame. Hence, the equili- 
brium equation governing this situation is, 

X - relative displacement 
V - relative velocity 

and the resulting load deflection plot would be expected to appear as 
shown in the sketch below. 


= Kx + f(x) ivj'V 
bolster ' 



This picture is somewhat deceiving, however, since it ap^-ears 
that the friction force is the same for a motion in either direction. 
Consider the equilibrium of the friction wedge. Sketch a. below illus- 
trates the equilibrium for a downward relative motion of the bolster 
relative to the side frame. Sketch b. below illustrates the equili- 
brium for an upward relative motion of the bolster relative to the side 
frame. Also shown along side the sketch is the equation for the fric- 
tional force between the bolster and side frame. The assumption required 
for this equation to be valid is the reaction parallel to the sloping 
surface is zero. This is equivalent to saying there is no friction or 
coefficient of friction along this surface. 




b 




The uncertainty involved in the calculation of the friction force 
is, of course, the coefficient of friction. The value may range between 
.4 and .8 for steel on steel depending on the condition of the surface. 
Notice the sensitivity of the frictional force in sketch a. above when 
the coefficient of friction approaches the tangent of the wedge angle. 
Hence, when interpreting the test data from a sample of one, the toler- 
ance possibilities must be assessed. The configuration of our truck was 
such that the coefficient of friction was probably on the high side. The 
truck had not seen any service and the contacting surfaces were rusty in 
appearance. We were told by Mr. Robert Bullock of Standard Car and Truck 
that the appearance of a used trucks friction surfaces would be like that 
of a mirror. 

Figure 9 illustrates the measured load deflection data for the 
vertical test. Ihe interpretation of this data is aimed at the defini- 
tion of a discrete stiffness and friction value for a given operating 
condition. For instance, at the fully loaded condition (lOOK vertical 
load) the apparent friction is one-half the width of the load deflection 
at the maximum deflection. Notice that this is only an average value 
since the ratio of the friction force due to downward motion to that 
due to upward motion is given by 


Tan<{> + /U^ 
Tan4> 


Keeping in mind that we are looking for the effective roll stiffness 
we see that during rolling motion one side of the bolster is moving 
downward while the other side is moving upward relative to the side 
frame. This results in a natural vertical/roll coupling which is not 
accounted for in the lateral mathematical models. We will examine this 
effect in future analyses. 

The other paran^ter of interest is the stiffness. This is the 
slope of the load deflection curve after removing the slope due to the 
variation in the frictional force. Consider the following equation of 
equilibrium. 


F 


bolster 


= Kx + F(x)lVl/V 


The friction force variation must be calculated based on knowing the 
stiffness of the spring under the wedge and the coefficient of friction. 
The coefficient of friction is determined from the maximum friction force 
in the load deflection curve. Based on these conditions the effective 
vertical stiffness of the spring groups is 45,000 pounds per inch. This 
correlates very well with the sum of the individual spring stiffnesses 


which were n^asured to insure the springs were withir specified limits 
for load and deflection. 

The conversion of the stiffness and friction taeasured for the ver- 
tical direction to the effective roll stiffness and friction simply re- 
quires the knowledge of the distance to the center of rotation of the 
spring groups. The following equations yield these effective values. 


idiere L ■> distance bettreen side 
frames 78" 


K , , » K ( L /2)‘ 
roll V ' 


f f 1/2 

roll V ^ 


The Interpretation of the lateral stiffness and friction data is 
much more straightforward than for the vertical case. In this case the 
vertical deflection is constant and the lateral friction force is con- 
stant. Figure 10 Illustrates the load deflection data for the lateral 
test. Again the friction is one-half the width of the curve and tie 
stiffness is the slope of the curve as shown on the curve. For the 
particular case of the Barber truck we had to modify the hardware In 
order to be able to carry out the test. The maximum force available 
for the lateral direction was lOK pounds. The friction force was so 
high that we were unable to cause the truck to deform in this mode with 
the available force. Hence, in order to measure the spring group stiff- 
ness in the lateral direction required the lubrication of the friction 
surfaces. Therefore, the load deflection data may not be used directly. 
The apparent friction must be calculated from the coefficient of friction 
data obtained from the vertical test. The absolute values of the friction 
as measured or calculated are not particularly important in themselves 
since the possible range cf values is large. The calculated frictional 
values for the lateral degree of freedom for various load conditions are 
given in Table Iv^. This table also gives the stiffness and friction 
data for the other degrees of freedom (roll and warp). 

The v.’arping test data like the lateral is relatively easy to inter- 
pret. The friction wedges were not lubricated for this test as the 
available force was adequate to overcome the friction for this mode of 
deformation. The interpreted valiies of stiffness and friction for the 
\varping mode are obtained by the following consideration of the gener- 
alized force in the warping mode due to the applied forces. This in- 
terpretation requires the assumption that the mode is a pure rotation 
of the side frames relative to the bolster about a vertical axis. The 
generalized force is then the moment of the applied force about the 
bolster/side frame contact point or point of rotation. The dominant 
force is the component of the applied force along the axle times the 
distance to the point of rotation. This is illustrated in the sketch 
below. 




The warping degree of freedom Is basically a rotational degree of 
freedom which measure with linear deflections. The geometry of the 
Instrun^nt used to erasure this degree of freedom also enters Into the 
calculation of the warping stiffness and friction. The following equa- 
tions Illustrate this calculation. 

angle © = S/L 

moment » 2 F co .© L Breakaivny nomant 

stiffness = 2 F coael^ 


Table IV gives the Interpreted values for the warping stiffness and 
friction. Figure 11 Illustrates the warping data. 

One subtle aspect of the interpretation of the load deflection 
data has to do with the slope of the load deflection data as the rela- 
tive motion reverses sign. Consider the friction phenomenon as it exists 
between two rigid surfaces. As the relative motion (slipping) proceeds 
in one direction, a frictional force opposing the motion exists. If an 
external force is applied to reverse the relative motion, eventually the 
relative motion (slipping) ceases until the external force is large 
enough to cause the motion to reverse. During this period of tin» v^en 
the relative motion is zero or there is no slipping, the relative dis- 
placement between the two bodies is zero. For the case when there are 
two elastic bodies in contact there can be relative displacement between 
the two bodies when there is no slipping. Therefore, the slope of this 
pare of the load deflection curve is also measured and tabulated in 
Table IV. This parameter may not turn out to be a significant one but 
is tabulated for later study. 

Comparison to ASF Truck 


As stated earlier, the physical differences be*~ween the ASF and 
Barber S-2 trucks are slight. The major difference is the configuration 



of the friction wedge. In the ASF design the spring that preloads the 
wedge is contained in the bolster as shown tn the sketch below. In this 
case the friction force is independent of the vertical displacement or 
load on the bolster. The friction force in the Barber design is propor- 
tional to the vertical displacement. Other than that configurational 
difference the two designs are very similar and physically they behave 
very similarly. TablelV summarizes the stiffness .ind friction values 
for the two trucks. 



It should be emphasized once again that the tolerance on the truck 
parameters, especially the friction should be taken into account when 
doing any analysis with the data. In particular, the analytical effort 
should establish the sensitivity to the high tolerance parameters and, 
hence, draw the appropriate conclusions accounting for that sensitivity. 

The friction values for all degrees of freedom should be treated as 
high tolerance parameters as should the warping stiffness. The vertical 
and lateral stiffnesses are relatively insensitive to the condition of 
the truck. 

Conclusions 


This report has summarized the results of a test to measure the 
stiffness and friction parameters of a Barber S-2 70 ton frelg' t truck 
for a limited number of modes of defornuLion. These modes of deforma- 
tion are: 


1. bolster roll; 

2. bolster lateral translation relative to the side frames; 

3. warping-sidc frame rotation relative to the bolster about a 
vertical axis. 

The stiffness characteristics of modes 1 and 2 are controlled by 
the stiffness of the spring groups and should not show a large variation 
from truck to truck. The physics of the stiffness of the warping mode 
is not well understood by this author but is thought to also be controlled 
by tlie spring groups and the action of the friction wedge as the side 
iramc attempts to rotate it about a vertical axis with respect to the 
bolster, fiu s particular stiffness parameter is, therefore, somewhat 
sensitive to tlic condition of the truck components as they wear. Pro- 
babU tills stiffness will decrease as the components wear. 




The friction characteristics of the modes of deformation are also 
subject to change due to the wear of the components. Since our test was 
conducted on a piece of "new" hardware, the friction values are probably 
an upper limit for that design. It is suggested that the use of these 
friction parameters in mathematical studies bf tempered with this judge- 
ment and that a consideration given to a possible tolerance. Tliis tol- 
erance should be at least a factor of 2. reduction in friction for all 
modes . 

This testing has assumed that there is no interaciiori between the 
modes of deformation of the truck, i.e., the stiffness cl friction in one 
mode is not affected by the motion of another mode. This is probably not 
a bad assumption for stiffness, however, friction is another story. The 
friction in the roil and lateral modes is completely controlled by the 
friction wedges. Once the wedges are sliding on the side frame due to 
he motion of one of the degrees of freedom the effort to slide in another 
degree of freedom is reduced to a very small amount. Hence, the apparent 
friction in the real environment may be much sjialler than measured in our 
"uncoupled" test. Testing to excite multiple modes may provide the answer 
to this question, however, the test setup involved may be considerably 
more expensive. 

It should be emphasized that it J *' important to have a good under- 
standing of the physics of the hardwaie that is being tested by the 
people who are doing the testing. Without this understanding, it is 
very nearly impossible to conduct a proper test and record the proper 
data. It would only be a stroke of luck if the proper tests were con- 
ducted without at least a simple mathematical model of the hardware. 

Our previous experience with the ASF ride control truck provided this 
understanding for tlie very similar Barber S-2 design. Future testing 
of rail hardware should combine this mathematical modeling either In 
the form of a consulting service provided by the contracting organiza- 
tion or an independent modeling effort conducted by the test organiza- 
tion. This . Iso provides for the acquisition and reduction of the da -.a 
in a logical and useful format and will result in a much more meaningful 
test . 
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Transducer 

Name 


Coordinate Location- Inches 


Name 

X 

Y 

Z 

DZl 

0.0 

+48 1/2 

— 

DZ2 

0.0 

-‘t8 1/2 

- 

DXl 

- 

+32 3/4 

0.0 

DX2 

- 

-52 3/4 

0.0 

DX3 


+33 7/8 

• 

DX4 

- 

-33 3/4 


DX5 

- 

-1 

+9 3/4 

dx6 

- 

+46 

0.0 

DX7 

- 

+46 

0.0 

dx8 

- 

-46 

0.0 

DX9 

- 

-h6 

0.0 

DYl 

+34 

- 

+15 1/2 

DY2 

+67 3/4 

- 

- 3/4 

DY3 

-34 

- 

+15 1/2 

DY4 

-34 

- 

+15 1/2 

DY5 

+34 

- 

+15 V2 

DY6 

+68 

- 


DY7 

0.0 

- 

• • 

DY8 

0.0 

- 

• • 

DY9 

0.0 

- 

+13 

DYIO 

+34 

- 

+2 

DYll 

-34 

- 

+2 


• 5 inches above Lolster roller pad (+Z) on bolster 


T .3LZ III Instrument Locations 
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TAIL.: IV c2D o ta b/.r3Eh an’d a:=f truck 














